The adoption and use of various Learning Management Systems (LMS) to enhance education in Africa is becoming common. However, the majority of institutions have been adopting these systems without conducting usability evaluations. As a result, users tend to find these systems not easy to use, learn and do not meet their learning objectives. At the moment, there is relatively small and inadequate heuristics that can be used to evaluate LMS taking into account both system features and didactic effectiveness. This study presents a comprehensive heuristics usability that consolidates interface usability, didactic effectiveness and motivation to learn. The heuristics were validated through expert evaluation of the University of Dar es Salaam and Shuledirect systems. The proposed heuristics managed to uncover several usability problems. The findings from this study have shown that the proposed heuristics are appropriate and effective to be used for evaluating LMS deployed in Africa.
Introduction
The adoption and use of various Learning Management Systems (LMS) to complement traditional face-to-face classroom sessions and to widen access to education through distance learning in Africa is becoming common. This is evident from several surveys that were conducted in many institutions in Africa which found that almost every institution had installed LMS of various types. For instance, five institutions surveyed by Ssekakubo, Suleman, and Marsden (2011) in Africa found to have installed various LMS. Similarly, more than half of 11 surveyed institutions in Tanzania by Mtebe and Raisamo (2014b) were using LMS. Moreover, seven institutions that participated in Partnership of Higher Education Africa (PHEA) project were found to have installed various LMS (Hoosen & Butcher, 2012) . The same situation was observed in institutions in Kenya (Unwin et al., 2010) , Uganda (Mayoka & Kyeyune, 2012) , Sudan (Elmahadi & Osman, 2013) , and Zimbabwe (Chitanana, Makaza, & Madzima, 2008) .
The LMS are systems that enable faculty members to upload learning resources for learners to access via the Internet. They also provide interaction between learners either synchronously or asynchronously via communications tools. The communication tools include email, chat, whiteboard, and discussion forums. Institutions tend to use these systems to supplement traditional face-to-face delivery by enabling learners to access learning resources through electronic means (Unwin et al., 2010) . They also use them to enhance existing distance courses and therefore reaching more learners across various geographical boundaries (Andersson & Grönlund, 2009 ).
Despite increased adoption of various LMS in Africa, the actual usage is low across the continent (Ssekakubo et al., 2011; Unwin et al., 2010) . For example, there were only 60 users in LMS installed at Makerere University in Uganda (Mayoka & Kyeyune, 2012) , less than 10 users at the University of Nairobi in Kenya, few users at University of Zambia (Ssekakubo et al., 2011) , and 767 users at University of Dar es Salaam (Mtebe & Raisamo, 2014a) . Studies have also revealed low usage of LMS at Open University of Tanzania (Bhalalusesa, Lukwaro, & Clemence, 2013) , in four institutions in Zimbabwe (Chitanana et al., 2008) , at Eduardo Mondlane University in Mozambique, and at Maseno University in Kenya (Unwin et al., 2010 ). This situation is almost the same in many institutions in Africa.
Previous studies have described poor ICT infrastructure, low Internet bandwidth, lack of access to computers, and poor support services as the main causes that hinder users in Africa from using these systems that account for the current low usage (Lwoga, Usability is one of the very important feature of a system as it has direct impact on how users use the system. Given the majority of institutions have been adopting LMS without conducting usability evaluations, it is apparently not clear whether these systems are usable to learners in African institutions (Ssekakubo et al., 2011) . Many institutions have been adopting open source LMS due to lack of funds to pay for license fees for commercial systems. Nevertheless, the majority of open source systems suffer from usability problems (Nichols & Twidale, 2003) . For example, Martin et al. (2008) found that none of LMS reached 80% of compliance of usability heuristics in a study conducted to compare usability of Moodle, Sakai, and dotLRN.
Therefore, there is a need to evaluate the usability of these systems in order to find out if these systems are easy to use, satisfying learners and meet intended learning objectives. So far, there is relatively small and inadequate heuristics usability in the literature that can be used to evaluate LMS taking into account both interface and didactic effectiveness. In addition, the majority of existing usability criteria are vaguely stated, and difficult to interpret and implement (Ardito et al., 2005) .
The main aim of this study is to present a comprehensive heuristics usability that consolidates interface usability, didactic effectiveness, and motivation to learn that can be used to evaluate usability of LMS deployed in Africa. The heuristics were validated using expert evaluation of University of Dar es Salaam and Shuledirect systems in Tanzania. The proposed heuristics have shown to be appropriate and effective to be used for evaluating usability of LMS deployed in Africa as it managed to uncover several usability problems.
Related Works
Usability is the ''the extent to which a product can be used by specified users to achieve specified goals with effectiveness, efficiency, and satisfaction in a specified context of use'' (ISO, 1998). It is the most important aspect of the system that directly affects how users use the system (Ardito et al., 2005) . However, measuring usability of educational systems poses a new challenge to researchers. Researchers are required to consider usability of the system and the way it is integrated with didactic effectiveness (Squires & Preece, 1996) . This is because, the system might be usable but does not provide any educational value (Ardito et al., 2005) . On the other hand, the system which is not usable, learners spend more time to learn how to use it rather than learning the content (Lanzilotti et al., 2006) .
In recognizing the difficulties in evaluating usability of educational systems, several studies have tried to develop consolidated heuristics that take into account both interface and didactic effectiveness. These studies include (Albion, 1999 Quinn (1996) to form 28 criteria for evaluating educational applications. The 28 heuristics included 10 interface design heuristics, 9 educational design heuristics, and 9 content heuristics. Reeves et al. (2002) developed 15 criteria by adapting and refining Nielsen heuristics. Participants in a doctoral seminar used the proposed criteria to evaluate Good Manufacturing Practices courseware packed into CD-ROMs at the University of Georgia. Through these heuristics, they managed to uncover several usability problems. Another study to integrate Nielsen heuristics into pedagogical principles was conducted by Alsumait and Al-Osaimi (2010) to form Heuristic Evaluation for Child E-learning applications. The authors also included heuristics for children's preferences and abilities. In total, the proposed checklist consists of 20 criteria and was used to evaluate ReDSOFT, the application for KG-2 and special need students.
Finally, Ssemugabi and de Villiers (2007) integrated website-specific design and instructional design heuristics into Nielsen heuristics to form 20 criteria. The proposed criteria were used to evaluate usability of Info3Net using experts and students as evaluators. The results showed that expert evaluators were able to identify 77% problems compared to 73% by students.
In conclusion, most of these studies are at an initial states and need further improvement and empirical testing (Nokelainen, 2006; Zaharias & Koutsabasis, 2012) . The proposed criteria in the majority of these studies are vaguely stated and difficult to interpret and implement (Ardito et al., 2005) . Therefore, adapting them to evaluate usability of LMS in the context of this study becomes difficult. The proposed criteria for evaluating LMS are explained next.
Expanded Heuristics for Learning Management Systems
The proposed heuristics evaluation consists of two main categories: interface usability and didactic effectiveness criteria. The interface usability has 10 criteria while didactic effectiveness has 6 criteria.
Interface usability criteria
The interface usability criteria were adapted and refined from the 10 Nielsen heuristics (Jakob Table 1 . The description of each criterion is as follows:
Visibility of System Status:
The system should ensure that learners are informed about what is happening through appropriate feedback within reasonable time (Albion, 1999; Jakob Nielsen, 1994) . The system should also provide visual or audio response so that learners can understand the result of their actions (Squires & Preece, 1999 ).
Match Between the System and the Real World:
The system should ensure that the LMS uses learner's language, with words, phrases and concepts familiar to the learner rather than system-oriented terms (Jakob . Moreover, system information should be presented and organized in a natural and logical order (Jakob Nielsen, 1994; Squires & Preece, 1999).
User Control and Freedom:
The system should have facilities that enable the learner to leave the system anytime through exit signs, undo and redo operations (Jakob Nielsen, 1994).
Consistency and Standards:
The system should ensure that the learner experiences the user interface as consistent in terms of menus, color, typography, and dialog design (Alsumait & Al-Osaimi, 2010 ). However, the learning resources are varied.
Error Prevention:
The system should be carefully designed to prevent common errors from occurring in the first place (Jakob ). However, it should have procedures to enable learners fix errors when they appear. Moreover, the system should prevent learners from making irreversible errors (Jakob Nielsen, 1994). 6. Recognition Rather than Recall: The system should minimize the learner's memory load by making objects, actions, and options visible and learner should not have to remember information from one part of the dialogue to another (Jakob Nielsen, 1994). 7. Flexibility and Efficiency of Use: The system should cater for different levels of users, from novice to expert with expert users given opportunity to use shortcuts and other advanced tools (Albion, 1999; Jakob Nielsen, 1994 
Didactic effectiveness criteria
The didactic effectiveness criteria were extracted from previous studies ( f. Motivation to Learn: It is widely accepted that affection makes people behave the way they do, and have impact on learning (Nokelainen, 2006) . As students use the system to learn, affection can greatly influence their interaction with the system (Zaharias, 2008) . Therefore, this criterion will evaluate how the system and instructional materials motivate learners to learn using the system. The didactic effectiveness heuristics and a list of items in each criterion are shown in Table 2 . 12.3 The system has facilities for both asynchronous and synchronous communication, such as e-mail, discussion forums and chat rooms. (Squires & Preece, 1996) 13. Learner Control 13.1 Learners are given some control of the content they learn, how it is learned, and the sequence of units. 
Methodology

Selection of evaluators
Five experts evaluated the two selected systems using heuristics shown in Table 1 and  Table 2 . The evaluators had both technical and pedagogical skills in eLearning. Moreover, some of the evaluators were usability experts. According to J Nielsen (1994), 3-5 evaluators are enough to identify 65%-75% of usability violations. Out of 5 evaluators, 4 were Instructional Designers with 5 years' experience and 1 was a Lecturer with 10 years of experience in teaching methodology courses. Four evaluators were master degree holders while one had a doctoral degree. Two of the evaluators were also usability experts.
The Evaluated Systems
The systems were selected on convenient basis. The first system (LMS1) is used at the University of Dar es Salaam where the first author has been working for more than 6 years as an Assistant Lecturer. The second system (LMS2) is the system that is used by secondary school pupils in Tanzania. The authors thought it was necessary to validate the heuristics with two systems with different type of users. The descriptions of the two systems are presented next.
The LMS1
The University of Dar es salaam adopted and customized Moodle LMS (www.lms.udsm.ac.tz) in 2008 after migrating from Blackboard system. The system is used to complement face-to-face delivery where instructors upload learning content for students to access. Additionally, the system is used to complement blended distance courses that are offered through three learning centers: Mwanza, Dar es Salaam, and Arusha regions in Tanzania. The system has a total of 767 active users and more than 100 courses. The screenshot of LMS1user interface is shown in Figure 1 . 
The LMS2
The Shuledirect system (www.shuledirect.co.tz) was developed and customized to provide educational learning content for students and teachers in secondary schools in Tanzania. The platform has instructional materials, online quizzes, virtual teachers, science practical, past examinations, and students' discussions. At the moment, the system has instructional materials for Biology, Civics, Chemistry, English, Geography, History, Mathematics and Kiswahili. So far, there are more than 10,000 users registered in the system. Figure 2 shows the screenshot of the system. 
Evaluation Process
Evaluators were given heuristics sets (as shown in Table 1 and Table 2 ) and performed evaluation independently. They were given one week to return the evaluation forms to the coordinator (first author). The evaluation was undertaken in second week of February 2014. LMS2 had few courses so it was easy to conduct evaluation process. However, LMS1 had more than 100 courses, so the authors picked 5 courses randomly from five different faculties/schools to guide the evaluators.
Evaluators rated each sub-criteria using 5-point Likert scale ranging from strongly agree to strongly disagree. On each identified heuristic violation, evaluators were required to explain the nature and type of violation that was found. After completing evaluation, the evaluators and the coordinator met to discuss the findings, resolved their differences, and reached consensus in items where there were some contradictions as suggested by Reeves et al. (2002) .
At this stage, the duplicate usability violations were consolidated and combined. Moreover, evaluators explained each perceived usability problem in detail and in some cases the coordinator had to login into the system to confirm the findings.
Finally, the severity rating was conducted to determine the seriousness of the usability problems. Each evaluator rated each usability problem using 5-point rating scale suggested by (Jakob . The severity rating scale is shown in Table 3 . Each evaluator rated independently for 30min and met in a group to discuss the findings. Each evaluator was asked to explain his/her ratings in each criterion. Severity ratings is normally used to help organizations to allocate the most resources to fix the most serious usability problems (J Nielsen, 1994). Fixing of this problem should be given low priority at all. I don't agree As a reviewer, I don't agree that this is a usability problem Major usability problem Users will find difficult to use the system if this problem is not fixed. It is important to fix it. This problem needs to be given high priority to fix it. Usability catastrophe Users will not be able to use the system. Fixing this problem is mandatory.
Findings
A total of 9 and 27 usability problems were found in LMS1 and LMS2 respectively. In LMS1, 4 usability problems were related to interface and 5 problems violated didactic effectiveness. Similarly, 10 usability problems were related to the interface while 17 were related to didactic effectiveness in LMS2. The number of usability problems detected in each criterion is presented in Table 4 . Some of the selected usability problems described in LMS2 Additionally, evaluators rated 5 problems in LMS1 and 11 problems in LMS2 as major problems. In other words, users will find difficult to use these systems if they are not fixed. These problems were related to Help and Documentation, Feedback and Assessment criteria for LMS2, and Help and Documentation for LMS1. The evaluators ranked 6 usability problems in LMS2 as catastrophic problems. Most of those problems were related instructional materials and absence of tools to encourage and support collaborative learning. However, 4 and 8 usability problems were ranked as minor problems for LMS1 and LMS2 respectively. Table 4 presents usability problems based on severity rating. 
Discussion
The study aimed at proposing and validating heuristics for evaluating usability of LMS deployed in the context of Africa. Many institutions in Africa have been adopting these systems without conducting usability evaluations. There is a strong belief from the majority of institutions that these system are well tested and do not have any technical or usability problems. Nevertheless, this study has shown that some of these systems suffer from usability problems that hinder many users from using them more effectively.
For instance, more than half (54% of 150 respondents) of interviewed Moodle LMS users at the Open University of Tanzania indicated that the system was difficult to use especially in uploading learning materials (Bhalalusesa et al., 2013) . Similarly, almost twothirds of surveyed respondents (74% of 358 respondents) from 25 African countries they could either not use the LMS at all or used a relatively small number of features (Unwin et al., 2010) .
Our findings are consistent with studies conducted elsewhere such as in (Kakasevski, Mihajlov, Arsenovski, & Chungurski, 2008; Koulocheri et al., 2011). For instance, Kakasevski et al. (2008) evaluated the usability of Moodle LMS using 84 students and 4 teachers as evaluators. The authors found that students identified 64% while teachers identified 84% of usability violations. These finding corroborates with a study conducted by Koulocheri and colleagues (2011) . The authors were able to detect 54 usability issues that correspond to 127 violations of the heuristic rules in the LMS at the Hellenic Open University. Ssekakubo et al. (2011) also found that many surveyed institutions that managed to use LMS effectively were those with functional user-support units to help learners on usability and technical problems.
The reasons behind low usage of many LMS in higher education in Africa are well documented. As shown in this study, usability problems cannot be ignored. This is because usability has directly impact on how users use the system. If the LMS is easy to use and learn, learners will use the system more often (Mtebe & Raisamo, 2014a) . On the other hand, an LMS which is not usable, learners spend more time learning how to use it rather than learning the content (Ardito et al., 2005) . As a result, users might feel lost, confused, or frustrated with the system (Tarigan, 2011) . It is important therefore for institutions in Africa to conduct usability evaluation of systems before adopting and using these systems.
Conclusion and recommendations for future research
The adoption and use of LMS to enhance education in Africa is increasing and many systems are going to be deployed in the near future. In order to maximize LMS usage, there is a need to improve these systems so that they can be easy to use, easy to learn and attractive to the majority of users. It should be noted that the majority of LMS were developed and tested with users from the Western countries. These systems cannot be used without modifications given that fact that many users in the region are not exposed to many IT solutions. The need to conduct usability evaluation in order to find any possible usability problems that may hinder users from using LMS is important. The proposed heuristics can help institutions to overcome this challenge by evaluating usability of existing systems. These heuristics have managed to uncover several usability problems in the studied systems. The tool can be used by other institutions and uncover various usability problems.
Despite these findings, the study has used expert evaluators to assess usability of the two selected systems. Future studies could use non-expert evaluators such as students or faculty members the same way as other studies such as those in (Alsumait & Al-Osaimi, 2010; Ssemugabi & de Villiers, 2007) . Comparing findings from this study with those of non-expert evaluators will provide more insight of usability violations from the actual users of the system.
Moreover, future studies could consider using methods that do not involve users directly such as cognitive walkthroughs, persona based inspection and other related methods. These methods can help institutions to find detailed usability problems that could not be found through methods that involve users.
